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We introduce the Working Group 2 proceedings contributions from the 2nd workshop on the CKM Unitarity Triangle and note their 
connection to the proceedings of the first workshop. The topic of WG 2 was the determination of the CKM matrix elements Vtj and V,s 
from B-B mixing, radiative penguin B — > Xj/^y decays and rare (semi)leptonic decays such as B — > Xst^t^ ■ 



At the first CKM workshop. Working Group 2 focused on 
the present status of determining the Cabibbo-Kobayashi- 
Maskawa matrix elements V,d and V,s from B meson os- 
cillations [ 1 1. On the experimental side, the status of the 
measurements of the Z?" oscillation frequency AM^/ and the 
limits on the oscillation frequency AMj were discussed. 
From the theoretical end, the focus was on the status and 
prospects of determining the non-perturbative parameters 
for B meson mixing from lattice QCD calculations. 

For the second CKM workshop at Durham, the experimen- 
tal status of B meson mixing and the near term prospects 
for measuring meson oscillations as well as the status 
of lattice QCD calculations were re-evaluated. However, 
the focus shifted towards methods of determining the CKM 
matrix elements Vid and Vts from other sources in the next 
five years. In particular, the experimental prospects for 
measuring |y,£//y,.5p from exclusive rare radiative decays 
B ^ K*y and B pj and their theoretical limitations 
were explored. Furthermore, rare (semi)leptonic decays 
B Xst^i' were discussed as summarized below. 

1 B Meson Mixing 

In the Standard Model, B^-B^ mixing occurs via second or- 
der weak processes. The mass difference hMq between the 
two mass eigenstates Bh and Bi of the neutral Bq meson 
iq - d, s) can be determined within the Standard Model by 
computing the electroweak box diagram, where the domi- 
nant contribution is through top quark exchange: 
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Here, B^, is the bag parameter of the B meson, F^^ is the 
weak B decay constant, t]b is a QCD correction and 50(^1;;) 



is a slowly varying function of the top quark and W boson 
mass. 



The main uncertainty in determining Vtd from AMj comes 
from the factor Bb^F^^ in Eq. ([l). In the standard analysis 
of the Unitarity Triangle (UT), the mixing frequency 
AMj is used in a ratio with AM^ defining the quantity ^: 
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In the ratio the theoretical uncertainties are significantly 
reduced. 

1.1 Experimental Status and Prospects for B Mixing 

The experimental status of AMj is nicely summarized 
in the contribution to the proceedings by Ronga [ 2|. 
The most recent world average value AM^ = (0.502 + 
0.007) ps ' is dominated by results from the e^e" B fac- 
tories. It constitutes an impressive 1.4% measurement of 
the 5° oscillation frequency. In the next 3-4- years, the 
BaBar and Belle experiments will collect datasets of about 
500 fb"' each. The experimental precision on AM,/ is ex- 
pected to reduce to about 0.5% by then. 

The future interest in B mixing clearly lies in the discovery 
of B'j oscillations. The current Umit from LEP/SLC/CDF 
is AM, > 14.4 ps"' at 95% C.L. with a combined sensi- 
tivity of 19.3 ps"'. The place to observe B^ mixing in the 
next few years is the Fermilab Tevatron. The contribution 
by Lucchesi [ 3 1 summarizes the prospects of the CDF and 
D0 experiments to measure AM, in Run II. Using data col- 
lected with the new hadronic track trigger, CDF has recon- 
structed the fully hadronic decay B, —> D^n^ observing 
44+11 B, events with D; ^ (pK^, 4> K^K . This 
sample is used first for initial measurements of B, produc- 
tion fraction and branching ratios. Work is in progress to 
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quantify the expectations for a measurement of mixing 
with the first Run II events now in hand. Both CDF and 
D0 were also able to collect initial samples of Z?'' particles 
from semileptonic decays or from B° J 1^4' which are 
used for preliminary mass and lifetime measurements [ 

13. 

The prospects for measuring AM, with the Atlas detec- 
tor at the LHC were presented by Ghete [ T| . A detailed 
treatment of systematic uncertainties was performed and 
the impact of changes to the luminosity target for the LHC 
start-up were discussed. 

1.2 Lattice QCD Results for ^ 

In the report from the first CKM workshop [T^, the lattice 
QCD result for ^ is quoted with an asymmetric upper error 
to account for the effects of chiral logarithms in extrapolat- 
ing from simulated quark masses to their real-world values. 
For UT analyses this has the practical consequence of rais- 
ing the central value of ^. Ultimately the extrapolation can 
be controlled by simulations with lighter quarks, but in the 
interim, there is some profit in investigating ways to reduce 
the sensitivity to chiral logarithms. At the Durham meet- 
ing Becirevic [Tl highlighted one way to accomplish this, 
by considering the ratio {FBjFB,i)l{.fKlfn), where the chi- 
ral logarithms largely cancel. However one has to assume 
that the cancellation, which is shown theoretically for light 
quarks, still holds in the region where one matches onto 
lattice results, evaluated for heavier quark masses. The cur- 
rent error on ^ is 5-10% and will certainly be reduced with 
results from new simulations with lighter quarks. Experi- 
mental input from CLEOc on F^JFo will also help. 

2 Rare Radiative and Semileptonic B Decays 



At the first CKM workshop [JJ, discussion centered on 
rare radiative B decays and is nicely summarized by Ali 
and Misiak ['SI in the first workshop report. At the Durham 
meeting, the discussion was widened to include the rare 
semileptonic decays, addressing both CKM phenomenol- 
ogy and new physics reach. On the theory side, inclusive 
decays were reported on by Hurth [ 7|, while Buchalla [ 
|8l and Lunghi [ 7| covered exclusive radiative decays. On 
the experimental side, Playfer [ 9 1 provided an overview, 
whereas Eigen [ 10| and Nakao [ llj focused on results 
from BaBar and Belle, respectively. 

The inclusive decays have a theoretically clean description 
and observables are dominated by partonic contributions. 
In the exclusive case, the difficult problem of evaluating 
quark operator matrix elements between hadronic states 
must be addressed. By contrast, experimentally the inclu- 
sive modes are more challenging to measure. 



2.1 Inclusive Rare Radiative B Decays 

For B Xsj the NLL QCD calculation has a charm mass 
renormalization scheme dependence. The most recent cal- 
culations r il2l 1131 use the MS scheme for ntc- With this 
choice for rric, the branching ratio (with a cut on photon 
energy) is [0 

BR(B X,y) = (3.70 + 0.30) x 10"^ 

NNLL calculations are under study, to resolve the nic 
scheme-dependence issue. 

Measurements of the branching ratio have been performed 
with several techniques, either fully inclusive (by requir- 
ing the presence of a high-momentum lepton in the event) 
or semi-inclusive (by fully reconstructing a fraction of all 
possible Xsj final states). Playfer [ 9 1 presented a world 
average value of 

BR(B ^ X,y) = (3.47 + 0.23 + 0.32 + 0.35) x 10"^ 

where the errors are due to statistics, experimental system- 
atics and theory. This world average is in good agreement 
with the above theoretical prediction. 

Most of the theoretical apparatus used for the B — > X^y 
transition can be carried over to the B — » Xdy case, but one 
should take into account the possibility of long-distance 
contributions from intermediate u quarks in the penguin 
loop. Several arguments suggest that these long-distance 
effects are small. Nonetheless, the theoretical status of 
B —> Xdy is not as clean as B ^ Xsy. 

For CKM phenomenology, b —> s transitions have no rel- 
evant impact unless unitarity is assumed, whereas b —> d 
transitions could provide important constraints. In the ratio 
R(dy/sy) = BR(B -» Xdy)/BR(B -» X,y), a good part of 
the theoretical uncertainty cancels, making it valuable for 
CKM phenomenology, but also for new physics (since the 
suppression by \Vtd/Vts\^ may not hold in extended mod- 
els). 

For more details (including a discussion of CP asymme- 
tries) see the conference report by Hurth and Lunghi [ 7 1 
and references therein. 

2.2 Exclusive Rare Radiative B Decays 

Updates on exclusive rare radiative decays (B —> Vy with 
V - K*,p,(L)) and their new physics impact were presented 
at Durham by Buchalla [ 8 1 and Lunghi [ 7 1. 

Much interest centers on the ratios 
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and 



2.3 Inclusive Rare Semileptonic Decay B ^ Xs£^t 



R\fyylK'j) = \ 
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for charged and neutral decays respectively, where ^ - 
f^{<d)l^^(0) is a ratio of form factors at ^ and A/?*-" 
account for explicit 0(as) corrections (together with anni- 
hilation contributions for charged B decays). 

B K*y decays are well established experimentally but 
only limits exist for B —> py, ary decays. This is partly 
due to the low expected branching ratio (~ 10"^) and the 
difficulty in cleanly selecting p and w mesons. The best 
current limit on the combined charged and neutral modes 
is BR(B ^ py) < 1 .9 X 10 at the 90% CL. This translates 
into an experimental 90% CL upper limit on the ratio of 
branching ratios. 



R{pylK*y) = 



BR(jj ^ py) 
BR(B ^ K'-y) 



< 0.047, 



which is typically a factor of 2 above Standard Model es- 
timates, but is already a significant constraint on beyond- 
the-SM scenarios. 

The form factor ratio, has been estimated in a variety 
of sum-rule and quark model calculations. For the work- 
shop reports, a value ^ = 0.76 + 0.10 was adopted in [[7) 
and 1/^= 1. 33 + 0. 13 in [[S). This is a challenging quan- 
tity to evaluate in lattice QCD calculations, since reaching 
- Q necessitates a large spatial momentum for the light 
meson, with the possibility of large discretization errors. 
One approach is to calculate the form factors for P — > Vy 
for a range of heavy pseudoscalar meson, P, masses be- 
low the B mass and then extrapolate. New preliminary lat- 
tice results [ 14 1 suggest a higher value for ^ (less SU(3) 
breaking), leading to a stronger constraint on the unitarity 
triangle (see also the discussions in [ 7| and [[S]). A fur- 
ther difficulty for lattice calculations will be to deal with 
the p and K* in simulations where quark masses are small 
enough for them to decay. 

Once measurements of both charged and neutral B py 
decays become available, isospin-violating ratios, with nu- 
merators proportional to 2r(B° — > p'^y) - r(B- —> p'^y), 
could provide a useful CKM constraint [|8|. 

The prospects for measuring BR(B —> py) at the B Facto- 
ries are good. Both BaBar and Belle have sensitivity to ob- 
serve a 5cr signal with integrated luminosities of 500 fb~', 
as should become available in 3 to 4 years. A determina- 
tion of IV/j/V/sl should then be possible with a precision 
of ~ 15 - 20%, including theoretical and experimental un- 
certainties. A measurement of this ratio from B mixing is 
expected to achieve higher precision but the determination 
from radiative penguin decays provides a complementary 
approach with different sensitivity to New Physics. 



Since the first workshop, there has been a lot of experimen- 
tal progress in exploring the rare decays that proceed via a 
b — > si^{^ transition. The exclusive decay B K{^{^ has 
been established by both BaBar and Belle, and the branch- 
ing ratio for the inclusive decay B — > X, (*(^ has been 
measured by Belle: 

BR(B ^ X, rr) = (6.1 + i.4!J:f) x lo-^ 

for m({^(^) > 0.2 GeV/c^. This result is in good agreement 
with the SM-based predictions. 

The decay B —> Xsl^(^ is dominated by perturbative cor- 
rections once the cc resonances that show up as large peaks 
in the dilepton invariant mass spectrum are removed. In 
the perturbative 'windows' outside the resonance regions, 
a theoretical evaluation with a precision comparable to that 
in B — > X^y should be achievable, but it will be important 
to compare theory and experiment using the same energy 
cuts to avoid any extrapolation. 

The partonic calculation has now been pushed to NNLL 
order f 1151 1161 [TTl . with the following result for the low-i 
(s = lm\) window: 

BR(B -> X/+r)fe[o.o5,o.25] = (1.36 + 0.08) x 10 



-6 



where the error is for the renormahzation scale uncer- 
tainty. The calculation includes nonperturbative contribu- 
tions scaling like 1 /m^ and 1 /m^. The NNLL contributions 
change the central value by more than 10% and signifi- 
cantly reduce some systematic errors (see [ 7] and refer- 
ences therein). 

2.4 Forward-Backward Charge Asymmetry in B — > 

x,ee- and B K*rr 

The forward-backward asymmetry, Afb(s), uses the angle 
between the and B in the lepton-pair rest frame. The 
position of the zero, defined by the value sq for which 
^fb(^{)) = 0, is particularly interesting since it depends on 
the relative sign and magnitude of the Wilson coefficients 
C-i and Cc, and is extremely sensitive to new physics effects. 



In the inclusive case, NNLL calculations [ |T31 1161 shifted 
the position of the zero and improved the precision of its 
location. They also improved the prediction of the s (or q~) 
shape of the asymmetry. 

For the exclusive case, the asymmetry calculation involves 
values for ratios of form factors, hard-to-evaluate nonper- 
turbative quantities. However, the position of the zero de- 
pends only on transverse form factors which are all related 
to a single function in the heavy {b) quark limit, and thus 
is quite well-determined [ 18 1. 

In both inclusive and exclusive cases, discovery of a zero 
in ApB would be extremely interesting. 
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